KOREAN INTELLECTUAL PROPERTY OFFICE 



KOREAN PATENT ABSTRACTS 

(1 1 publication 1 020030000709 

number: fa 

(43)Date of publication of application: 
06.01.2003 



(21) Application 
number: 

(22) Date of filing: 



1020010036783 



26.06.2001 



(71) Applicant: 

(72) Inventor: 



LG CHEM. LTD. 

CHOI, BEOM GYU 
KANG, GWI GWON 
KANG, JEONG WON 
KIM, YEONG DEUK 
KO, MIN JIN 
MUN. MYEONG SEON 
NAM, HYE YEONG 
SHIN, DONG SEOK 



(51)Jnt. CI 



C08G 77/02 



(54) ORGANOSILICATE POLYMER AND LOW-K INSULATING FILM COMPRISING THE SAME 

(57) Abstract: 

PURPOSE: Provided are a low-k, organosilicate polymer which is thermally stable and excellently 
forms a film, and has excellent mechanical and dielectric properties, a method for preparing the 
same, a composition for forming an insulating film of semiconductor using the same, an insulating 
film using the composition, and a method for preparing the insulating film. 

CONSTITUTION: The organosilicate polymer is a hydrolyzed condensate of (a) at least one 
hydride silane compound represented by formula 1 ; and (b) at least one silane compounds 
selected from the group consisting of a compound of formula 2, a compound of formula 3, and a 
compound of formula 4. Formula 1: HSiR1pR2(3-p)(wherein, R1 is aryl, vinyl, allyl, or 
unsubstituted or substituted, linear or branched, C1-C4 alkyl(the substituent is a fluorine), R2 is 
chlorine, acetoxy, hydroxy, or linear or branched, C1-C4 alkoxy, and p is an integer of 0-2). 
Formula 2: R3qR4(4-q)Si(wherein, R3 is aryl, vinyl, allyl, unsubstituted or substituted, linear or 
branched, C1-C4 alkyl(the substituent is a fluorine), R4 is chlorine, acetoxy, hydroxy, or linear or 
branched, C1-C4 alkoxy, and q is an integer of 0-3). Formula 3: R5rR6(3-r)-M-SiR7sR8(3- 




s)(wherein, each of R5 and R7 is independently hydrogen, aryl, vinyl, allyl, or unsubstituted or 
substituted, linear or branched, C1-C4 alkyl(the substituent is a fluorine), each of R6 and R8 is 
independently chlorine, acetoxy, hydroxy, or linear or branched, C1-C4 alkoxy, and each of r and 
s is an integer of 0-2). In the formula 4, R9 is hydrogen, aryl, vinyl, allyl, or unsubstituted or 
substituted, linear or branched, C1-C4 alkyl(the substituent is a fluorine), R10 is - 
(CH2)aSiR11bR12(8-b)(wherein, R11 is hydrogen, aryl, vinyl, allyl, or unsubstituted or 
substituted, linear or branched, C1-C4 alkyl(the substituent is a fluorine), R12 is chlorine, 
acetoxy, hydroxy, or unsubstituted or substituted, linear or branched, C1-C4 a!koxy(the 
substituent is a fluorine), a is an integer of 1-6, and b is an integer of 0-2), and each of n and m is 
independently integer of 0-10. 
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-a ^2] -JM^elTlMS. f^l* ^"S^Hl ^-g-s}^ ^<H^1^ ^ <9^*°1 -f^J-Jl, be# £°}S1 7)$}* 
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^aJ-3] 3*j.£7> #7>*>^7^ 4,7} iflJf-* ^Tj^fe SL^S) Aj.3Lo) ^fj>7fl Sl^, 2003^^1 

0.1 IMS] S)S 41 Ol-g-t!" ZL^£2] i7>7}- 7111^ 3 ofl^^Cf. <ti ^ -° 5- -JK^I ±7.}°) B gU] 

iE] s] ifl^ ^iaj- Alzi^( signal) ^ Tit ^£ofl HlaJl*Ml, Aj^^o} g^. afl^i«^s] a] ^-4 ^<gev 

21 a^lslfe RC 7l<S(delay)°l] 3*M ±^ $$£.7} £ 
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2le IBM 0 )] a-| ^Hfl°l IMf-dI^- uflAi-g- AV-g-eW oJrjv, ^71 ^££7> ^ ^sl MflAl^. a>^M 30 % °lA 0 v<q A^^- 
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Aje]?llolE( F _ Si02 ) 7 i- Qja. ^ofl ^-g-s] ji oicf. zie-ju|. F _si0 2 2l 7| °- ^sflsl 6 % o]^<Q ^ 

-S- Aj- E fl 7 l. s)o] o) h o V^ o. S fe -R-^Aj-A, # 3 5 olsj-s ^71 <H^^- ^All^ol o^cf. o]s.^ 



Ai-Rr^i Aj-^# ^ .0-7) i^-^ tM>14 ^-B-^aI 1-5] Ol^c §e] ^EflS ^ 

7], * 3l#SS. A>o|^-5L «-£}; ^-pr ^°1 ^^7^ $icl-. O] -f- -^7l Z/§-7>-t^ cfl^ -°-^A 5 1-^7). 3 0 ol S^l xl 
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*S-^lr «-B-tb -R-71 jl^-7^ olel?}- #a^s.o1 c ^ 7-l^cf. nj.^] ^3. ^ ^ Bfl?!^ ^-^S- ^ 2 

00 ^a| 450 IC^l ^ ^£7>a) £rZ\Q ^ 5iCf. OlSl- ^-O) ^ <£*\ ^Ajjll. ^ J ^.o. ^jg^. 

* -B-71 JI5-7V^ Stt HflAi^Sl AlSjAj^. 7-1^1-Al^ ^ 7 > $icf. 



A <M°1H ^^tb-R-71 ji^-7>21 *>^^ 5.4* «fl^§V7l ^-^(sol-gel) ol-g-*b-°-7l^el?llolE 

Jl^Af 7H^ol ^e°ll ^l^^olcf. o) Hj-^ o- 0-7I AJ ?4-^ 7>^§-S)l, ^^-gr ^ ^S}- *3g* *«H -fM ^el^olS 
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^ w o v ^°14. 013$ 4^ ?14$-& 3.0 °1$2] -B-^i ^ 450 13 o.s 

<^$tf. zlb\^ ^7] ^-7l^el7flo)E jL£-*Hr ^ t^J^ ^ -S-^°l "11-?- *M 1 jum ol-S-sl ^TlH 

A-l aeJjo] ^>g5>7l ^al. <a-^7lSj S.<$±3, 717^1^ 7j-£ 7 > ^Jl, ^ *1 $-§- $*7l7> ^$fc 3-$-7> & 



-g- <*M ^2fl 7l^^ «->D^-i- JiiejSM, i^>2l jl^S^- iHl #±7} 7^^, ^ HflAi o} # 
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[$*M 11 

HSiR'pR E JH) 

^7l Sj-«M 151 ^l^lT-i, 

R 1 ^ «1^. ItU, 3E*r *l$£]*i SMM- fis ^1S^ a]^ 2L^ ^ldfl^al $4i4= 1 ifl*l as\ <&Q°]v\, 

R 2 tt °J:£, °M1-§M, $olc.S.Al, £i=. 3l4fl ^-xliflAj-sl EV^^ 1 uflxl 421 o^A] o] ^ p - q vfl^l 221 

[$$3 2] 

n 3 q nVqSi 

^■71 gJ-sJ-Al 231 
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b) -B-71 -g-nj) 

c) -B-71 -B-7l#eM, -B-71 ifflseM. #3ois.# ^e|?K °lHst, *15L5#, ^ 7i|#l-^l5 °1^-<H;j! ? o. s 

Stb t^-fr ^S^] ^7>Sl ^<S5V^ afla^SW 
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ii) -R-71 -g- D fl; ^ 

iii) ^j9.a1, -b-71 -FM^eM, -B-71 -aseH, «5°1j=aj. ^^}, 

^if, *l-£.5#, ^ Tfl ^^^15 ol-x- 0 ^ 5-^-5YEl 1 ^ 

olAj- AjQjsl^ ^7^1 

» JE^V^r ^-g- -g^* *)lWcr #7fl: 
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b) a)&?\}2] 3-°-!) -§- «K£*fl 4ix>^ 7l7flo,l jEisM ^ev-g. 3^/4 

c) #7i b)#7lHH ^-S^-a- ^ i^sHr ^-Til; ^ 

d) ^aai #7l ^gej-fr x£ ^e]^ ^Til 
-S- 2E#sRr Xla^-g- 
°1*HH #4*1-711 U'Sfcc)-. 

-R-71 *Je]?)MB ^#*fls 1 # o|a^ a o v 71 ^.sj-aj 1S sH£e]£ 35 #71 

25. JE^fe S(-^-#, #71 S)-^^ a^Sl^ 3^#, ^ #71 SJ-flH 4S 3^1 3 ^#21 ^o.^«-El 1 ^ o] 

# -S^TT ^^rSt-^#^r ?t5M XI 2:51^ 7>^€-S)l ^# ^ °l2l'Xl2:#^, °1# #-ffSRr ^ ^ 

-8- * ol *il2:£|ir -fr7l^el?)lolE jl^-t.} ^-gBj- ^^.^^ ^^-sj-fe ^o]cf. 

ttfl^l -S-714JB1X101S f^l]^ ^^M] 2j-g-^ 7-J -fr^-fr S.^ o. q-El-Lfl^l 7l7fl^ #^ 0 ) ^§}Cf. 



^"^Sl #71 3)- SHI IS] s>ol^2ls ^St-^-^ #71 S|-Sh^ 2, 3, SE^ 4^1 ^^^§^5 ^-^^ Aj £ 2^ 
MrSr -§-°llSl #7fl *HH ^ D fl« %WJ-JI 7^^-sfl * ^ WV-g-^ Al^^ Oj7j$- ^-7>^ 6. 7 ] AjeJ^olE J7 

"^M ^^ev S-S* <afecf. #7l ^-SI-aI 1 °1 s>o]ce)c aj ^^^^ #7l S}-*)-^ 2, 3'."S=4r 451 

^i-s-ar s>^£ ^i-g-^ ^ °j^-a- ^7.-1 7H- €-«q «v-s-ai^ ^ ^v^o.^ un^i- ^ ^ 7 j- 



#71 SJ-^aI sj-olc^c Aj^^o} A>^-^ Af-g^ ^^^-#21 Aj^s t s-tg- A^so)) Jg-O. ^ 

^7} 0.001 #<H1a-1 0.5 ^, «l-^2!sl-7llfe 0.005 -§-°flA-l 0.2 #oJ s|is ^^4. 

#71 -^-7lAjel?)lolE ^#3l«- 7flS#o]| ^o^, Aj 7 j s).^.Al 23. 3_7\Q 31-^-i- ^^A-l q7 } 2 3?1 ^> 

-§-*Rr 7J ^-ofl^ ^ Aj^sj.^o,) cflg].^ 70 n] D J. U^3ls>7im 40 ^% #^-s}^ 5I o] aVa-^j 5>t}. 

^ °1# ^^1^ 5|#i2l 7-1 S>« 7V7l# ^ Cf. 



^ £H ^<gnl- ^.g. a Aj #01 i s.^ n-^B^ i-^Ef, i~ai#, 2,2,4-S 

Z)^^, *}9£. ^1#, °fll^l»S. «!# -i-Sl Alaj-a: e}.^ .g-nfl; l-^-^, 3^4^!, S&l^m H*. °fl * 

-ffl^l, d)1^ °)1^ •fll^l -^21 #^ ^4i7fl -g-Dfl; uHi» 5 Vf, ^1^^*, n- = 5.**, i-^- 
sec— t-^fL^, ^«-sL °fll#°l«-5. ^Af^-, El - J- ^ ^^.7)! -g. D fl ; e]] e e}-§l-o] 

2-ffl^ EflHel-sM^S. ff-^, oflfj^EflH., n -£i|^]a, 01^ = 5.^0)1^)3, cl#^<y, cI^-a], c]D)|fj cl^-Ai t 
°fl€?!#e|#5Li C LDlllollEila t onej^^e)^. cinflEjoflEil e, ^lli^el^cHlHlEfls., SS. ; g?l#Bl#jE.i^Dil^oilEfl s., 

H5.^^#Bl# cHl!3 o)lEfls ofltfle^l ^. D fl; clolll?>a.tllolB, "imoHlEllolE, ollEjoHlEflolE, ^l^^ole, 

0 11*^^el#s.^°ll€ 0 ilEll=- 0 Hl^l 0 lS, =5^iffl#e|«ai^llHEi]Hoi.AiiEfloi;E j o)]ej ^!#el# cicHitflois ^-s] 

c-HiEflHTJl -g-Dfl; N-nlll3ll-Eli, ifl- 0 ].ol-olc j N-^mSfl-o> D l-olS. N-<^1 SS#o> D J-ol c > N.N-Cl n|] «o>AJeo}. 
°W5L N,N-Cl°ll^oHlEo>n>ols. f-o] o>n>olc^l ^-nfl -§-0) 0}^. 
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5L¥r 2 # i^}^ A>-g-*Hs ?j o| 7>^nf. 



#°!l£r A> ^ofl, <«7l #Dfl, ^^7je1|o]E^^ # -ol 71-^sfjl Hl-^31S>71)^ H ^7\™^f>\K\. A> 

i-l-ih oMhaJ, ^#a]. ; ^AV ^-eflA}-, ^nfeAV 

-LV, Hsn^AV =ol 7>^-«f-jl, «7l#Dfl^ <a-s.qo>, ^aj^e^, ^4t3^#. ^VSJ-^, s^nH^oV^i, e^chi^ 
OKI, ^Hm-i-a} 1 ?!, Sel<^l^l-o>°l, CHI'S ^ll-a-* tHl^M- ofnl^o|-^ul Al#S.^-cll^l, 3X)H}c1,3) 

%-2j ^J2_5L ol^ol^l -B-7l^-# * ^ Si*}. #7l -il-, <S7l S^-^ cj-s=- 2^ £t^W 

^-g-^ <r a!4. IE* 2 ^ o]a o v^. cfTfl^ 0.5. A}-g-s>^ 5J 5L 7^SV4. 



ole^tl- ^7>^=-g; Al~g-<rl # 1 -§-«fl cflsH 0.0001 1 #■& Al-g-^ji, H >^3j§)-7)m 0.5 # °1 

AV-g-tbcf. ^ D fl2l «3=ol 1 1 « olA o voj Tj-S-ofl^ ul-g- ^£7> nfl °- 2 ^ o] o^^Jl, ^ 



^SHS-^Sl ^5]^- €7> 1 #"3- 0.1 1^*1 20 #°1 ^^>J7, HV^-3]5>7lS.fe 1 Ifl^l 10 #©1 ^^*>Cf. #S1 ^7f 
^ o. £ H .g^aj^S. ^7>7]- 7}^S}Cf. olnfl ^ D fl^ 0-71 ^-ufl ^ofl <&o]5L ^ ^7>A] ^-sfl 

SE^r §-^a) 7 1jz ^o^t ^cf. o]nfl wv-g- f-Aj- 0 ifl*l 100 °C<HlAi «V-g-A]7l Jl, a>^-3]^7flfe 15 vfl^l 80 °C°fl 

*1 ^r-g-^71^ ^Jol u>^«>cj-. o]nfl ^<H^lfe 7}^&m jg^- ^>%=^r 500 vfl^l 1,000,000, «> 

^■^sfTflfe- 1000 1,000,000 



a. ^o||a^ ^oi^ife q-^^-g- zfZns] ^71 -8-7l^K -H-7l#eH, ^ = 2^* °J 

%AnSL #4. -R-711-21 ##ofl^ s. 7^1 ^ S o.^, 200 ifl*l 450 'C^ <£&$\7} 7}*t& 9& 
<ge]zm *}o)B.g_ o)-^!-^ *|-olS.S.?>^-, °)]Efls &A>, oliE|B ^-^7] «. X >, <LVSl-olcefolH. ^71 

ft^V, ?>iLMlolc ^71 *^>, 0> 3 ^ ^71 A>0|^ ^71 <>l-0l4lAl0>l4|0lS «"^7l °}o] 

± Ajo^eflolH ^71 §-A>, &4 ^7} &7}, }£ ^S-Aj-Ol^ ^.- 7] = o. S *7l^> SE^ al^7> f-O] 

7>^-sVCf. ^Sj o. 7 }^} E H 0.7I JI^-7>^ -B-71 ^S]n°]B.^ ^-g-^ ^ SZfe °^Al ^71 # ^7-> £^ 

-g-7}ifloi] tWE #cf. -a-711-elDl,.^^^^ -8-7l^e|?iloi s f^*fl ^ ^Aj sa^oh ^7>*H ^V-g-*V 

71^4 *7i-a ei n°\s. «7> ^ ^ snq-. 



£■ ^^Ai •S^^lfe ^^^-g" =L %7}*]}g. #5.o]H >S-EH2) ^e]7>, «^1<HS», ^liLS.*, 7^]^%Aj 

Jfl -§-3 A^ n S-^jofl n}-7fl <a^^= ^7>tfl£ #Cf. 

& 2:^#2l ^ al^^2l 2 vfl^l 60 4^-^51-71]^ 5 tfl*l 40 ^^=%7> °f ^-TflSl- a.^ 

t^^* JlBi^ ^7loflAi J7^§. Aj-71 -fM-g-nflSl A^^ofl ^A^o] 7>^5>4. 

^^"Sr •& ^^21 ^^21 ^2}^ ^ 5) , SiO 2 o] 3] , SiN &r®^ ^S-H] -§"2] 7]7%o)} £Ifo S 

a1 ^^^cf. ^^^21 «o v ^* ^^se^, ^)a1^, s. iHeflol^ a]-^-^- ^ S'o^ i ois-o) uvrf^- 

A>-g-«H -^12] ev^- Tjol 7>^s>cf. =l f^^Ai£ HVisfl cff^sjs. *?i ^°12V ^]S7f s.^<a 

^-^-ofl^. >,Bl iae >^o| al^-S>i4. 
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^-£r HelHflola(pre-bake) di = SHflola(soft-bake) ^-ir i^sHr 3-§- sH^c*. n^Hfl 

^ # -fM-§- n 11# *W1 4i=sulloia *3 f^l ,^7lsi U^-fr 7>S Al^l cf-g- dt^ 

^ ^7l# % H}-S-Al^lcf. 30 ifl^l 350 "C^ 350 ^} 600 'C^H 

^^l*>fe ^oIji, ^^i- 350 vfl^l 500 °C°1H ^a]^ ^o] s}!}. 4i^£. £7 > 600 °C °l#<a 

^tt -B-7l^el?llolE jig-A^ ^SMi^ 0 ! "g^l^l, 350 °C o]s><a Tj-fo])^, -B-e^e] ^©lS Jl-g-A}-2] ^ 



AS ?iS ^ ^ ^-1: *W 1^«5 ^13 -£-<?V ^sRr ^WW". 7>1>iV^^; 

^u|i ^-g- A>-g-S}fe 5)o] 7>^^JI, 7><l^-^7l^ Hi, - s\- 7)^1^7]<HlAi, a>,a 

7l^I(<m» ^-71 ^) &^7l ^ ^i§^7l, Hi*=7 ^-SL^ of ^ ^# «-R-S>^ 7] g-fl 7l *J-o| 

*1 4**8 *Hr 7>^^Cf. ^"71 7><i« 0 V^^. ^S^^ i^*<H ^ 71-1^^ SL3. #51, 



S^el H o v ^* °^v.HAS. <a:^3 ai^Hl*cl^^, ^^#5.3.^^, ■a-^^^^e}, oJ^his-ai^^ ^. 

^^nvo^ ^e) HJ-^^ S}-^-i- £i=- ^-oflofl 5]^*V -a^S)- 3>^-#ofl ^j^l £ ^ i# 3^Al7]7m-, 

5]- S]-^-*^ §71 ^7lo)l^ ^Jsfe ^O] 7>^S1-51, ^j^Sl- ^5] ^, ^<a^# 100 400 r<^l 7><1^ o) w}^ 



'S'H^lfe «Jvg- ; S < a-^°] -?"^r*l-31, ^-<a^, £^S] ifla^^, £5|-2] 7j-£7l- £ 

-f^*>7l nfl-g-ofl, LSI, ^l^Efl L si, DRAM, SDRAM, RDRAM, D-RDRAM -§-£) #3 ^^^i 1 ", ^S. 

«)1 s^^v -^^ cf^HflAi 7i^-ai f^^v ^ ofl^a^i ^-g-a] 215:^1-0] uf wj-xi^ ^ -g- 

£5. A>-g-S>7lofl 

0}*}°) ajaH] ^ Hijaoili. fl-sM t^-a: c]^- ^ 0 M]^7fl ^^hi^ ^ ^)Ais>7l ^o]a1 

AjAlojl 1 



25 m£2l Efleel-^olc^.^^- ^. n fl<Hl ofl^E ^ oflS-A] aJ ^ 13 6 g ^ee}- ^S-aI aJ^j 6 78 gJ! ). ^1^^^^.^ Aj^- 0 
55 7>*VJ1 ^dt^7H]A-l o ^ ^ ^ol^ojcf. o] ^^--g-oflol] 0.78 ml^] 5.0 N Sfo] 

l-S.ll^iq- 7.74 ml2] 3^*1 ^7Hlj it ^, 70 °Cv\^} *\*\?>] ^e] Jl 7]-<i^Al^Ai «J-Al]( 0V er 

night) ^-S-^l^cf. S>-g- ^ <HlEfla^ Sl^Al^l ^ #5. pH7)- ^o] ufl^] ^^^Ji, ^ol?] ^- 7 1 #-8r 32i^S. 
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#7HW ^^^1 Jfl-f- 3 300 mg* nil^ol^"-^ ?]]:g.o)) ^ ^afl -g-ojjo] 1.5 g o] g>«cf. <g^A) -g-o«^ E-| -g- 



25 nrfSl EflE^^ol^s^.^. -g-nflofl p)l^E e ) D )is.Al^ ? l- 13. 6 EflHe} oflS-A] 6.78 g^r 7l-sfjl 7H] 
A} 0 °C5. ^-fr A^o^ftcf. ol ^^-§-^ofl 0.78 m«2l 5.0 N S}-oj ^3. WS.Q^ 7.74 me^ jl^JE 

^» ggtfl ^7l-«|] ^ ^, 70 TC*>*1 7>1 $-f?-Al^A| HJ- a)| (overnight) ^-g-^l^cf. ^ ^1 

E)| = JL 5)^H?i * #S pH7> f^ol nfl^-A] -^o^l}. <£<H*1 -fM #-8: #4 *ll7i?r -fM 



«1 51^1 2 



15 ntf^ EflB£fSl-ols.^ = ^. ^.Dflofl nfl^ ee| nfl-S-Al a] £ 7.5 g 2f 4.05 ml$\ J11c£ 0 ^ 

0 -S-gr°)H HV-S-A17J ^ ^rJE-g- 70 TC^M Ai-H*l -8:3^ 7V1«r^-Al^Ai h}- a)) (overnight) 'i'HMScf. wV-g- * 

^l^H sh aHMA^s ^-§--8: ^S^. 



(^<ge|- ^i]a) 
(#^ ^) 

o-^s.aj o. MIM(metal/insulator/semiconductor) Si ^ojsl -^ofl ^fl^J-sl-JI HPA>Sl LCR o] 
-8-SM 1 MhzoflAi ^^^cf. 

^.<a hvdvs) 7l7il^ 1-a^ o. 2x2 01^1 Si ^o) a] ( wafer HI S^tt ^w, N 2 ^?1. sfofl 430 lC°flAi i AjTV ^-oV 7g 
^ ^*}^. 

x£<£°\2] 5WS^-(Hysitron Inc.)Sl e tjie] ( Tri boIndenter) « ^r-g-*>^ ^^s]"5a^. 
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[a i] 









tiljui 2 ; 




2.71 1 


2.87 


2.69 




6.8 | 


6.7 


3.0 


H^£(crak velocity) 


4.8e~ 12 ! 


3.4e" 12 


9.4e" 9 



-^7}^n°]S. f^*Hfe oil- ^o^oq aj-g-S}<3 <goJ*li=. nvo. ^<g^ > ^l-ol -f^sl-Jl, 5E?V HBi-Sl 
71 Til ^ ^RM 

(57) igfl 
St 1 * 1. 

■8-71 ^5^1°].!= f^lH Sfl°H. 

a) 1 * oltfSj s>7l S}-*)-^ 1 S. &.■*■} £\ \r s}ol^ElS ^s&s^B-; ^ 

b) sl-7i sj-sh 23. a^isi^ ^ s>7] 3±s s^ls]^ aj-^-s, 

*J 5>7l 45L i-M^ir 3}-^-§-2j 2-<LJL-*fiH l ^ o|# Aiajslfe 

2) 7}^n ^^#21 ^I^bMHjh f^-Sfl: 
[3^1 1] 

HSiR'pRVp 



-S-71 l£l ^ofl^, 

R 1 * o>l, Hl'd, *l«-£l*l ^TlM- fiS *l«r€ ^ 4fl £tt &^l4fl^-2l 1 421 $>^olj7, 

R 2 tt <§±, *W£.JM. £^ 31411 ^-xliH^°l 1 tfl*l 421 °i^-A]olJi, p ^ o ifl*l 221 

2] 
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R^qR ^4-q3i 

^-71 f?wq 22] q<$X), 

R 3 ¥r o>l, Hl-d, SE^r *1€-5]*1 ti£ *]«rll SE^ 4^2] 1 vfl*l 42] ^^ojji, 

R 4 ^r ^i, ^Ml-^-Al, Sl-olS-S-A], £^ ajifl £H a-^^fl Aj-o) E}-^^ ! tfl^] 40] oKa^o]^ q i, g tflx] 32] 

[^■^ 3] 

R^VrM-SiR'.R 8 ,., 

#7] aj-flH] 32] ^efl-H, 

R 5 ^ R 7 ^8r ^ U]^, SEtt ti£ *]*£ *] ifl 2Ltr d| -#0] #i 

R 6^ R 8 o. AA S;^mL^<*^, S}°]^A|, £ ^ ^3) tci. #2] 1 ifl*l 42] 22^-A]o]j7 ( 

r> s i=. z|z}. s.^^o. s 0 vfl^l 221 ^^ol^, 
[aj-«Hl 4] 

R 9 n LsiO J m R'o 3m -n 

5]- 4}- a] 42] 

R 9 ^ -fi, «m, tttt, se*t &7i*4 fis zjifl si^r #*li|<g-a| 1 ifl*i 421 <&^oiai, 

R 10 ^-(CHjPX-k olJT, O^HH, RlO S] R ll o. ^ 0>%j y}^ <a ^ i g:- *1«-£]*1 &^u]- 

SEtt ^1^-^-2] E}-^ TuH^l 421 <£Q°]JL, R 12 ^i, ^Ml^A], s}o] IL-Hj-Al , *]:&£] *1 ^7] uf fiS 

2E^r ^-^lifl-a-o) Ej-^ ! uflx] 42] ^IsM o] :a , a ^ 1 vflx] 62] ^^o| 2 , b^=r 0 tfl*l 22] 

n, ^ m£. z]-z]- 0 ifl*] 102] ^^o)cf. 

3^ 2. 

*ll 1 ^°\) $1°!^, 

aJ-71 a )2] sHH2]H ^^^-a- Aj^t}-#2] Aj£]s ] s.^ Aje)#ofl -g-g- ^^^^ ^ o ooi -g- m 

*1 0.52] <#0.ji. ^S]^ -fMAje^jolE 
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3. 

*ll 1 *<H1 Sl^M, 

f^l2] &*8r 31 3 500 M]*l 1,000,000<?1 -R-71*J2]?1)o|e f^j. 

a) -B-71-a-DHI 

i ) 1 * s}7l 15. S^-lSl^ s>olE.e| ^ ^ 

ii) s>7l aj-flj-^ 23. S^l^fe ^•^•S, s]-7l &a]£)^ 

^ *M SA|£]^ 3^-§-2] ^<LsL-f B] 1 # 

b) *tM-°fl ^ 7>s>ji 7>^§-si) * ^«>-§--a- 

# IfSffe -fM^BMHB f^l]2] afla^: 
[Sl-^ 1] 

HSiR'pRVp 

Aj- 7 ] S|-Sh^ 12] AloflA], 

R'f oft «]^, ^tt *1€-S]*1 SrfcS- *]«-^l 3]ifl 3L^=- i]] # <3] l>i^r 1 42] -y^o];;!, 

R 2 ^=r <gr£, ^Ml^-A], sfolcSA], gcfc. 3] 4fl EE^ ^lifl^ fti^ 1 42] p ^ 0 22] 

2] 

R°qR 4 4-qSi 

R 3 ^ £^=r *l«-5]*) SMM" fi^ £^ 1 ifl*] 42] U^o)^, 

R 4 ^r <§4i, oV^S-A], ^Olss-Al, SE^r *]iil 3E^=t £-*]3] 1 42] ^H^H^, q i- 0 32] 
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[**M 3] 

#7l 33\ *\<^*\, 

R 5 ^ R 7 ^ AA o}^, u]^, <au, sy= *1«-5)*1 fiS *l«r£ aj 4* SE^- 

*r 1 Ml^l 42) O j-zjo|j7, 

R 6^ R 8 ^ ^ 0>A-flS.A], sfol^S-A], <£H 3|ifl ij) 1 ifl*] A°\ <g^*] *]5L, 

r, ^ s^r AA ^3-^3- 0 xfl*l 22] ^oM, 
[S*-«H 4] 

R<' n l-SIO J in RiVn 

42} 

R 9 -& <*r±, I£*r *1«-Sl*l fiS *l«-€ 31^ -g-*lifl#2] 1 Hl*l 42} iHJolJI, 

R 10 ^CHj)X/m o] ji, a^HH, R 10 2) R 11 °Vil, a]^, £^=r ^uj- *1^ 2] 

€■€ 3 31 §-*lifl#2] 1 tflxl 42} ^S-aIoIji, a ^ 1 ifl^] 62} b^r 0 ifl*l 22} 3J^<>H f 

n, ^ 43 ^-H3 0 1021 
5. 

*)1 4 ^ Sa°H, 

#71 a)&H]2\ #7] i )S1 S>ol ^^;3l-^-#ol ^Sfl ^^^-#21 ^ 2} S -g^ 1 ^-Sofl -jg-°- 

^^7.>2l ^ 0.001 ^ ^fl*l 0.521 <#o.5. ^-a-sl^ -fM'SeHolS f^flsl ana^. 

*ii 4 *<hi az^^i, 

#7l b)^^l2l #D)l7> ^®S\$= # ^# 1 #4| Cfls><^ 0.0001 vfl^l 1 l-ol 7Hfl*]ir -fM^El ?]}<>] S ^*fl 

21 ^)1^h o V^. 

*ll 4 *<Hl 5fl°l*1. 
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^7} b)^?H^ #ol ^^-5]^ # ^.?J- 1 #o| cfl^H 0.1 lfl*l 20 *o] 7>*il*lfc 

3^ 8. 

i*}^ ^<ae> ^^-g- 2^-§-°fl £M*1, 

a) i ) 1 # ^]-7l s^a] \S. SAjs]^ sfolselc ^^Sf^; 
ii) §f7l fl-flj-il 25. SAjs^ SHJ*. *>7l S|-^ 3 AS. SAlsl^ 
fl-^-*. ^ *>7l 43. 3*1 5j-^-§-^ 1 ^ 

b) 4M -g-nfl 

» i^-Sl-fe ^<a^" *§^-g- 2:^1-: 

1] 

HSiR'pR^ 

Rl ^ o}^, Wl^, <y.^ t gc- x]^*] fiS S^r &A)^)A1-^ 1 Vfl^l 4^ °i^olal, 

R 2 ^r <g±, <>}*\m*\, S~=r ^4fl ^lijjAj-o) &±^r 1 AS] cg3L*}o}3_ 7 p ^ 0 ifl*l 22) ^^o] 



R^VySi 



Aj-yl ^Al 23) ^oflAi, 

r3^ o>^ t ul^, ^-1, £H *l«-5j*l BE^=r £-*lifl^ e}-^ ] vfl^j 4^1 ^oljn, 

R 4 ^r <§4i, °MI^1, s>ol^-S-Al, SEltt ^ij) 2^ ^-x]ifl Aj-o) ] ufl^ 4 o} 0.3-3.^01.2, q ^ 0 Ml*) 3^ 

[S)-«H=} 31 
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R 5 ^ R 7 -S- AA ofl, h)^, £ h fiS- ^ ifl 3^ £-*131 ^ <fVi 

*r 1 ^A 4S] ^^oIji, 

R 6 ^ R 8 -g- AA i^^ASL^ o\H**\. 5>°)SS-Al, SE^ Stt £-*13l #2] <!]r^-r 1 ifl*l 42} o] 

r, ^ s^r zj-zj- 0 ^i\A 22} *j^c>H, 

4] 

R3 n L S iO J m R^ 2m n 

S^A] 42} AloJjA^ 

R 9 £r ^h, <4l), Wl^, <£li, BE^r fiS 3)4fl £-*13)#2l ^fc^ 1 vflx] 42) 

R 10 -.(WRX-t olZL, ^HH, RlO 51 R" ^ o}^ Hl^ ; oJ-^ > g:- *1©5]*1 OJ^q. fi£ 

A$ ^-*liH#2] 1 ^i\A 42} <^#Alolj7, a i- ! ^ 6 S] ^^olJl, b^r 0 41*1 23] 

n, ^ m-gr Z|3 ^-^^ O-S. 0 vfl^l 102] ^^ojTi)-. 
9. 

*)1 8 *<H1 SJoH, 

c) -R-7l-g-7h -fr7l#EH, -fi-7l<=nj=eH, I-s.oI^ajb]^ oflo^^ ^15.s.#, * alls, oi^^i JO S « 

^ # °1# ^3^r ^Hl* <^ a ^V^ «iE^l ^7>2l *i<£A i§^& 

^1 8 * 9 *<M1 5U°H, 

#71 a^#-gr Jl^£- ^£7> 2 xfl^l 60 ^%°] ^71-21 ^<gnv ^.g. 

^^9- ll. 

a) i ) ' ) 1 *o~ °l#2l sl-7l Sj--<£)-^ 15. S^lSl^ sMc^c -gQ^ifr^; 
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i.) sf7l 23 Sj-^S. s>7l Sl-Sh^ 32-3. a^-lS]^- 

^ *W 5HH 4S. a^s]^ Sj-^-fil ^-o.^.-^ 1 # 
o)aJ- Aiejsl^ 

3 ^*Sl -fh7l^^?|]olH £^g; ^ 

ii) -S-71 -8-nfl 

# i^sRr ^^-g- -g-°Jj-fr ^t}^ &t\}: 

b) *7l a)^a|"8-«1* 7W1 ^<^^ ^^^-1 

7]fe #31; * 

C) #71 b^H*] ?t^, i^S}^ 

# 3L$-*|-fc Q<£^si) afla^: 

w*m i] 

HSiR'pR 8 j_p 

■%7\ 12] Alofl^, 

R 1 xr o>^, Hl^, ttH, AlJ&Sj^l ^7lM- fiS 3Et=- gr^l^o] fht^r 1 ifl*l 42] ^Z^lal, 

R 2 ^ <S^, -£-!=- A], &¥r 2|4fl SE^r $^1^^2] i iflX| 42) ■£-=£[- a] o]jl, p ^ 0 xfl*l 23] 

2] 

R 3 qR 4 4-qSi 

Sl-^ 22] 

R 3 ^r al>d, SE** *1«-£|*1 f±£ *1^ zjjfl S^r S-^l^S] fj.^ i tflx] 42^ <£Q*]5l, 

R"t=- ^i, °MI^*1, sfol^S-Al, t£^= 331 SE-^r Aj-2] e+^^ 1 ifl*l 42] oj-^aIoIj/, q i=. 0 ifl^l 3^ ^o] 

3] 

R^VrW-SiR'.R 8 ,., 
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^-71 jiwq 32] *i 0)1*1, 

R 5 ^ R 7 ^: AA Sf^^St-S. o>«, «l^ f ^¥r *1*=1*1 US. 341 #21 fhfc 

^ l ifl;*i 421 Hr^oijn, 

R 6^ R 8 o. z^-z| SL^ o.^ oj^ <S>Afl S- A] , Sfolcs-A] gci=. a} £(| £ - ^ ^ Aj-o^ ^.A.^ 1 ifl 4°4 <£3-Aj O] ^ 

r, ^ s *r 0 vll^l 221 ^©H, 

R9 n LsiO J m R'V n 

-a-71 421 ^hi*], 

R 9 * ^i, ©VH. 0 J-U, 314=r *l«r=]*l US 33) EE4=r ^lifl^o v 2l *thii^ 1 vfl*l 421 ^0]^, 

R io -4PV w olJ1) o)7l^, R 10 21 R" £ ^i, o>«, 3L4=r ^1«-Slxl tiS ^ 

ill £^ ^lifl^-2) Hfl*l 421 ojrzjolji, Riz - <$ ±t s>o] = s.Al, *l«;El*l ^71x4 Si£ *1 

€■€ 33] S4=t 1 i-H^l 421 2>s.a1o]ji, a 4r 1 vfl^l 621 ^o]5L, b^r 0 vfl^l 22] ^^°1^, 

n, ^ m^r AA ^3-°-^. 0 ifl*l 1021 ^o]t±. 
■Qtt 12. 
^1 11 *<H1 Sfl©H, 

#7} b)^^|2l flafc 30 vfl*l 350 °C2l ^JE^Al *2s.]S\3L, 350 600 °C2l ^JEoflAi ^AlS)^ ^©j2}-e>] 

^1 11 % 7]^ 21 w o V^ ^12- 5)4=. aVi^l ±AS] 

14. 

*ll 11 * 7l7fl2l h o >^ O.S *ll2:£l4=r ^"S^-g- SL^Vfe ^E«H 
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